Background The purpose of this study was to determine differences in coronary stenosis severity and morphology and time course of progression between Q-wave and non-Q-wave myocardial infarction (MI).
T he underlying pathophysiological substrate of acute myocardial infarction is the atherosclerotic plaque. When plaque disruption occurs,1 whether due to endothelial injury, ulceration, or intraplaque hemorrhage,2 the stenosis becomes the site of platelet aggregation, thrombus formation, and spasm, culminating in acute occlusion and myocardial ischemia.3 4Retrospective angiographic analysis has identified a particular stenosis morphology predicting the occurrence of acute ischemic events and early progression to myocardial infarction.5'6 This morphological appearance is thought to represent plaque rupture and/or partially occlusive thrombus, which likely initiates a thrombogenic response through hemostatic mechanisms.5,7 Non-Q-wave infarcts have a lower incidence of total thrombotic occlusions, perhaps because of enhanced thrombus lability and better and more frequent collateralization.8'9 Precisely which factors determine the duration of diminished coronary flow and hence the transmural extent of infarction is undetermined. Recent studies have demonstrated that the rapid progression to complete occlusion causing Q-wave myo-©0 1994 American Heart Association, Inc. cardial infarction most frequently arises from acute thrombosis superimposed on borderline or angiographically nonsignificant stenoses rather than from the slow, incremental growth of chronic, severe atheroma.'0
The purpose of this study is to describe and compare the angiographic determinants of disease progression in patients who later develop Q-wave and non-Q-wave myocardial infarction. Morphological and quantitative analyses of stenoses proven to progress to acute occlusion are performed to identify angiographic features before infarction that distinguish outcome. These findings suggest that the evolution of the underlying atherosclerotic plaque is different in these two syndromes, perhaps resulting in differences in composition, which could explain the clinical features distinguishing Q-wave and non-Q-wave infarction.
Methods

Patient Population Angiography Database
The clinical and coronary angiographic findings in approximately 12 000 patients undergoing coronary angiography at Rush-Presbyterian St Luke's Medical Center between 1980 and 1991 were prospectively entered into a computerized database. The patient study group was identified from the 1150 patients with two or more consecutive cardiac catheterizations during separate hospitalizations. Patients who underwent coronary interventions (including coronary artery bypass surgery, angioplasty, or thrombolysis) between the first and second angiograms were excluded from the study. Also, patients with significant valvular disease were excluded.
ECG Database
ECG tracings from all 1150 patients identified above, which were performed within 24 hours of each angiogram, were obtained from a separate computerized ECG database. ECG tracings obtained during the hospitalization of patients who developed new Q waves, T-wave inversions, or ST-segment depressions in the interval between catheterizations were also retrieved.
Q waves were defined as present if they were at least .04 milliseconds in duration and at least 1 mm deep in at least two contiguous leads. ST segment abnormality was defined as at least 1-mm ST-segment depression, downgoing or horizontally sloped, in at least two contiguous leads and in the absence of Q waves, bundle branch block, or ventricular hypertrophy. T-wave abnormality was defined as at least 1-mm symmetrical T-wave inversion in at least two contiguous leads without associated Q waves, bundle branch blocks, or ventricular hypertrophy.
Persistence of the above changes was determined by reviewing serial ECG tracings during the hospital admission for the second angiogram. Persistent ECG changes were defined as those changes not present at the time of the first angiogram (angio 1) but remained present throughout the hospitalization related to the second angiogram (angio 2). At least three serial ECGs obtained when the patient was symptom free were required to show the described ECG changes.
Clinical Review
The hospitalization records of all patients who met the criteria for new ECG changes at the time of angio 2 were reviewed for preadmission and admission histories of angina or anginal equivalent symptoms as well as symptom onset and duration. Laboratory determination of CPK and LDH serum enzymes and other isoenzyme elevations were also reviewed.
Patient Groups
Patients who had new ECG changes and either elevated total CPK and positive MB fractions and/or elevated total LDH with an LDH1>LDH2 ratio indicative of a recent myocardial infarction at the time of admission for angio 2 were entered into the study group. The patients were then divided into twc groups. Group 1 comprised patients with new persistent Q waves consistent with an interval Q-wave myocardial infarction and group 2, patients with ECG changes showing either persistent T-wave inversions or ST-segment depression consistent with a non-Q-wave myocardial infarction.
To assess the importance of time interval between catheterizations in influencing the findings in the study, the distribution of patients in the two groups was surveyed to identify a logical cut-point. Based solely on the distribution of study patients, 540 days (1.5 years) was determined to yield the optimal number of cases in both groups for statistical analysis. Both patient groups, as defined by the type of infarction, were then further subgrouped by time interval between angio 1 and angio 2: subgroup A comprised those patients whose infarction occurred <540 days after angio 1, and subgroup B comprised those whose infarction occurred >540 days after angio 1. All patients included in the study underwent angio 2 within 30 days of the myocardial infarction, although this was not a predetermined study inclusion criterion.
Angiographic Analysis Interobserver Correlation
Both angiographic films of each patient who met all ECG and clinical criteria were reviewed by at least two independent observers. 
Stenoses
Morphology
Stenoses were also classified morphologically into one of four categories using the criteria described by Ambrose et al156 and applied by us previously in both critical and intermediate stenoses.1213 Concentric stenosis was identified by symmetric narrowing of a coronary artery, the borders of the lesion being smooth or only slightly irregular. Eccentric stenosis was described as asymmetric narrowing of a coronary artery and subgrouped into two types. Type I eccentric lesions were any asymmetric stenoses with smooth borders and a broad neck. Type II eccentric lesions (complex type) were asymmetric stenoses, usually in the form of a convex intraluminal obstruction with a narrow base or neck due to one or more overhanging edges or borders that were very irregular or scalloped. Multiple luminal irregularities were considered present in segments containing multiple serial obstructions or diffuse obstructive disease meeting the criterion of .50% luminal diameter narrowing throughout its course.
Collaterals
The presence or absence of intracoronary or antegrade collaterals related to the infarct vessel was assessed on angio 1 and angio 2. Collaterals were also graded on a 0 to 3 scale: 0, no collaterals; 1, very weak opacification; 2, fully opacified segment appearing less dense than the feeding vessel and filling slowly; and 3, fully opacified segment appearing as dense as the feeding vessel and filling rapidly.
Left Ventricular Function
Left ventricular function was assessed for the presence of wall motion abnormalities on the ventriculogram in the 30-degree right anterior oblique and/or 60-degree left anterior oblique views. The left ventricle was divided into five segments in the 30-degree right anterior oblique view (anterobasal, anterolateral, apical, diaphragmatic, and posterobasal). In the 60-degree left anterior oblique view, the left ventricle was divided into four segments (basal septum, apical septum, inferolateral, and posterolateral segments). The presence of any wall motion abnormality was described as mild, moderate, or severe hypokinesis, akinesis, dyskinesis, or aneurysmal.11 Correlation of a new wall motion abnormality with the infarct territory based on ECG analysis was sought in each case.
Data Accumulation
On the first angiogram, determination of the percent stenosis in the three major coronary arteries and their branches and stenosis morphology were assessed as described above. The infarct vessel was identified as the vessel that matched the infarct region determined by ECG and on left ventriculography. When more than one stenosis progressed, the stenosis that showed the largest progression from angio 1 to angio 2 was analyzed, and ECG and left ventriculographic correlations were sought. The site of future occlusion was defined as the segment of the vessel seen on angio 1 that progressed to occlusion, resulting in infarction on angio 2. In addition, global left ventricular function and the number of coronary arteries with significant disease were assessed.
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relation between stenosis severity and time to infarction after angio 1. All continuous data are presented as mean±SD.
Results
Patients
Seventy patients who underwent two angiograms during a time interval ranging from 3 to 116 months apart fulfilled all clinical criteria for inclusion into the study. Thirty-two patients had an interval Q-wave myocardial infarction between angiograms and 38 patients had a non-Q-wave infarction. The demographics for patients in group 1 (Q-wave infarction) ( Table 1) and group 2 (non-Q-wave infarctions) ( Table 2) were similar at the time of the index myocardial infarction. The average age in group 1 was 56±9 years, ranging from 42 to 75 years old, and in group 2, the mean age was 59±8 years, ranging from 33 to 73 years old. The time period between angiograms was 1208±848 days in group 1 (range, 90 to 3515 days; median, 947 days) and in group 2, a mean of 1322±892 days (range, 145 to 3381 days; median, 1311 days) (P=NS). There was a male predominance, with no significant differences between group 1 and group 2 (group 1, 23 of 32, 72%, versus group 2, 26 of 38, 68%; P=NS).
Angiography Extent of Coronary Artery Disease
There was a similar number of vessels diseased in both groups 1 and 2 on both angiograms. On angio 1 in group 2, 6 of 38 (16%) had no significant stenosis, 17 of 38 (45%) had single-vessel disease, and 15 of 38 (39%) had multivessel disease. In group 1, 7 of 32 (22%) had no significant stenosis, 13 of 32 (41%) had single-vessel disease, and 12 of 32 (38%) had multivessel disease (P=NS).
On angio 2 in group 2, none of 38 (0%) had no significant stenosis, 6 of 38 (16%) had single-vessel disease, and 32 of 38 (84%) had multivessel disease versus group 1, in which none of 32 (0%) had no significant stenosis, 7 of 32 (22%) had single-vessel disease, and 25 of 32 (78%) had multivessel disease (P=NS). Left Ventricular Angiography
The presence of wall motion abnormalities (including hypokinesis, akinesis, and dyskinesis) was similar in groups 1 and 2 on both angiograms. On angio 1, 11 of 32 (34%) group 1 patients exhibited wall motion abnormalities compared with 20 of 38 (53%) group Stenosis Severity Before Infarction Group 1 patients had significantly more severe stenoses at the site of future infarct on angio 1 than did group 2 patients. Percent stenosis at this site in group 1 was 44±25% compared with group 2, 23±35% (P<.01).
When the incidence of significant narrowing (.50% stenosis) at the site of future infarction on the initial angiogram was analyzed, no difference between the two groups was seen (group 1, 16 of 32, 50%, versus group 2, 14 of 38, 37%; P=NS). However, the incidence of finding either no luminal narrowing whatsoever or minimal stenosis (<20% luminal narrowing) on the initial angiogram was more than four times higher in the non-Q-wave infarction group (group 1, 5 of 32, 16%, versus group 2, 24 of 38, 63%; P<.001).
There was no significant postinfarct stenosis (angio 2) difference between the groups: group 1, 98+5% versus group 2, 90±10% (P=NS). However, total thrombotic occlusions were more commonly observed in the Q-wave infarction group (23 of 32, 72%) than in the non-Q-wave infarction group (11 of 38, 29%) (P= <.01).
Time Course of Progression Time to Infarction After Initial Angiogram and Stenosis Severity
Figs 1 and 2 illustrate the distribution of time to infarction relative to percent stenosis at the future site of infarction. Neither group 1 nor group 2 exhibited a significant linear relation (r= -.29, P=.07 for group 1; r=-.21, P=.26 for group 2) between time and stenosis severity. No other mathematical relation could be demonstrated. There was also no significant difference in the relative incidence of Q-wave versus non-Q-wave infarction occurring within 540 days of the initial angiogram (11 of 32, 44%, versus 15 of 38, 40%; P=NS).
When the overall distributions illustrated in Figs 1 and 2 are analyzed, a striking difference is noted. Most of the stenoses that progressed to Q-wave infarction (22 of 32, 69%) were of intermediate severity (ie, 20% to 70% narrowing), whereas stenoses that progressed to non-Q-wave infarction were either at sites with minimal luminal narrowing (0% to 19% stenosis, 24 patients) or with relatively severe stenoses (ie, >70% narrowing, 7 patients): 31 of 38 (82%) combined.
When both groups 1 and 2 were subdivided using 540 days as a cut-point (Figs 3 and 4) , several interesting patterns emerged. In the Q-wave infarction cohort, 9 of 11 of the patients (82%) who progressed within 540 days (group 1A) had stenoses of .50% on the initial angiogram versus 7 of 21 patients (33%) who progressed after 540 days (group 1B) (P<.05). Six of 8 (75%) stenoses of >70% progressed within 540 days (Fig 1) .
In contradistinction, the non-Q-wave infarct cohort Furthermore, ElI morphology predominated in group 1A patients (9 of 11, 82%) versus group 1B patients (Q-wave infarction >540 days) on angio 1 (1 of 21, 4%) (P<.001). Since group 2 had a relatively low incidence of stenoses of >20% severity, morphological analysis between subgroups was inconclusive.
As summarized in Tables 1 and 2 , these differences could not be ascribed to differences in terms of drug therapy or presenting clinical symptoms. Age, sex, and the location of stenoses in the coronary tree were similar between groups.
Discussion
About 30% to 40% of acute myocardial infarctions are non-Q-wave; this proportion seems to be increasing in clinical practice, perhaps because of the improved sensitivity of the creatine kinase MB assay or because current therapy actually limits the extent of infarction, preventing the development of Q waves. Patients with non-Q-wave infarction typically manifest clinical courses suggesting partial reperfusion with residual substantial viable jeopardized myocardium. These patients tend to have a smaller infarct size and reduced early mortality compared with those who have Q-wave infarction. However, they are at higher risk for earlier reinfarction, postinfarction angina, and long-term mortality than patients who have Q-wave infarction.14-17
Pathogenesis
DeWood and colleagues8'9 performed coronary angiography early after Q-wave and non-Q-wave infarctions. Occlusion of the infarct-related artery was present in 80% of patients with Q-wave infarction but was observed in only 20% of those with non-Q-wave infarction. Furthermore, when angiography was delayed until after the onset of the infarction, the infarct-related artery was increasingly likely to be patent in vessels with Q-wave infarction, whereas the opposite was found in those with non-Q-wave infarction. Consequently, the patient with non-Q-wave infarction is less likely to have a totally occlusive thrombus but more likely to have a This study demonstrates that either of two processes may lead to non-Q-wave infarction: a relatively rapid progression at a minimally diseased site or occlusion at the site of a severe stenosis with collateral recruitment. The existence of such apparently rapid growth is well known to clinicians who have had occasion to repeat angiograms at frequent intervals in anecdotal cases. The case illustrated in Fig 5 is typical. The observation9 that patients with non-Q-wave infarcts most often exhibit a severe stenosis and superimposed thrombus without total occlusion directly raises the question of why some stenoses lead to Q-wave infarctions and others to non-Q-wave infarctions. The observations in this study are important in this regard and are consistent with several potential explanations that now require further study. The volume and/or composition of plaque material extruded into the lumen during the ulceration process may be different, depending on the rate of plaque growth, causing a differential thrombotic response. Another possibility is that there could be critical differences in the effectiveness of the naturally occurring fibrinolytic mechanism in the microenvironment at the coronary stenosis, which may be partially determined by the characteristics of the underlying atheroma.
Furthermore, there may be substantial compositional differences between plaques'8 that could explain the enhanced thrombus lability and collateralization seen in non-Q-wave infarctions. For example, it is plausible that the most rapidly progressive lesions have a less welldeveloped fibrous cap, which, when plaque rupture supervenes, is more likely to facilitate rapid thrombus lysis, since less underlying surface is exposed. Consequently, they might heal less completely because the intramural hemorrhage or rupture might be proportionately more prominent, resulting in a higher rate of reocclusion and recurrent infarction.19-21 This hypothesis, based on the observations in the current study, would explain the clinical course of non-Q-wave infarctions as well as the angiographic findings of DeWood and colleagues.8,9
Limitations As with all previously published studies10'22 involving analysis of coronary angiograms in the select population group with angiography both before and after infarction, retrospective identification of patients and data analysis were performed. The use of new and persistent ECG changes to define a population of infarct patients could introduce bias into patient selection, particularly because there is no concomitant control group of patients with disease progression without ECG evidence of a new infarction. In addition, quantitative angiography by the caliper method has numerous limitations,23 as does coronary morphological analysis. [5] [6] [7] 1213 This is particularly relevant in any retrospective analysis because the views are not matched and potential differences in vasomotor tone between the two studies are not controlled (ie, by administration of nitroglycerin).
A very important limitation in interpreting the data obtained by this study design is raised when attempting to infer rates of plaque growth based on observations at two isolated, and in some cases, widely separated, points in time. It is likely, given our previous understanding of the pathogenesis of Q-wave infarction and the often sudden development of the symptoms of myocardial infarction, that plaque rupture is a sudden event common to both types of infarction. This may be an extremely rapid event at the site of minimal or even negligible atherosclerotic disease, but conversely, the possibility that ulceration is the culmination of progressive yet silent plaque growth cannot be excluded. Speculation regarding the time course of interval changes in stenosis severity and/or morphology is limited by not knowing the angiographic appearance just before the initiation of the acute event.
